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Abstract
A laser-interferometer sysi,cm  has been developed to ~Jrecisely  map
t,hc thickness variations of large-area silicon detectors. lye describe
the design and operation of the a~)paratus and the clata  processing
carried out to derive thickness maps. We (:omparc the rcsu]ts with
a map maclc  using accelerator beams of energetic heav~ ions.

1. Introduction

Cosmic ray isotopic composition stuc{ies aboard satellites arc norlnallj’
based on measurements of AE vs. total energy in a stack of silicon solid-state
cictect,ors.  This technique requires a precise knowledge of the n]atter thickness.
L. penetrated by each particle. An uncertainty in L contributes an uncertainty
in the derived partic]e mass. A1, according to  CT,tl/,Vf  N 1.4 01, /I.. Thus for
an 56Fc nucleus penetrating a 500pm thick Al’ detector. the thickness must
be known to 0.6 ;im  or better in ordel for the thickness uncertainty to not
contribute more than 0.1 amu to the mass resolution. Since tile thickness vari-
ations of commercially a\7ailable  silicon detectors are con~Ino]lly  greater than
the maximum allowable thickness error. it is Ilecessary to map the detector
thickness as a function of position on the detector.

‘The Solar Isotope Spectrometer (S1S) w7hich is being clcweloped  for the
iNASA  Aclvancecl  Composition Explorer (ACE) ]nission[l] rec]uircs  mapping of
60 large-area (65 cn~2) ion-implanted silicon detm:tors with nominal thicknesses
ranging from 100 pm to 1000 ~m. Thickness rna])ping  using accelerator beams
of heavy ions requires large amounts of beam tinle and entails a very extensil’e
data analysis effort. In c)rder to simplify the detector mapping task for S 1 S
~,c ]la\re ~eve]opec]  a ~ua] ]aser illterferollleter  sl.st,el]l  capable of making auto-

mated. high-precision measurements of detectol thickness variatiolis.  Studies
have been made of the performance of this installment, includi]lg comparisons
with accelerator maps of the same detectors.

2. Interferometer Design
Figure 1 S1 1O V7 S a scl)cmatic illustratioll of the conlpolleljw of the intcr-

feromctcr systcm. The two portions enclosed ill dashed boxes are l~ichelson
interferometers (labeled IF1 and IF2),  each use(i to compare the distance bc-
twccn au “interfcrcnces  plitter” and onc surfiace of the detector t~’ith the fixed
distance bct~veen  that splitter and a reference mirror. Tile interference “~e -
twccll tl~e recomi)ineci  beams is processed wit)]  a  commercial  receiver and
signal allalvsis electronics (Hewrlctt-Packard models 10TSOC a.]]d .552i’. respcc-
ti~’ely) vi’hich  cont inuously t rack changes in the relati~’e  lengths of the two



arn~s[2]. The rest of the optics are used to ol~tain  tl~e irq>(lt laser beams for
the two interferometers from a single He-Ne laser.

The detector being tested is mounted o]] a two-dimensi’ollal conlputer-
controlled stage capable of moving the cletectc]r  in the plane perpendicular to
the laser beams. As the detector is moved, tllcslll~l of the sigllalsfro~~l  the two
interferometers providesa measurement of(Lj +Lj)-- (L]-{  1,2) (see Fig. 1).
The sum of thcdistances  to the two surfaces c~fthecletectol  (I,j +Lj) varies
from point to point on the detector due the thickness variations, while the
rcfcrcnce  sum (Ll -+-L2)  remains constant, lNOIC that because distances to the
two detector faces are obtained simultaneously. the thickness lncasurement  is
very  insensitive to movements of the detector along tile direction of the laser
beam.

The mechanical structure which dcfilies  tl,e two arms of the interfcronle-
tcrs is constructed of invar to minimize dimensional changes with temperature,
ancl lengths of all the arms are designed to be cclual  (1, 1 := I,; == L2 = L~) in
order to compensate for resiclual tllerma] expansion and tinic variation of the
air density in the optical path.
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Figu?’e ]. schematic iihstration o f  t), e dual  intwjvl’orn r!ter
systcm. System c o m p o n e n t s  ore hbel(o!  m follows: 1), sili -
con detector: RM, reference mirror; 1S, intcrfa-encc  splitte~:

IIS, beam splitter; 90,, 90° bend: R, m:eiuer.

3. Interferometer Operation and I)ata  Processing

Since the two surfaces of a detector are used as optical elements in the
interferometer. they must have a mirror finish. The S1S de~ectors. which have
aluminum contacts m 2000A  thick evaporated on polished silicon surfaces.
llavc  the necessary optical quality, .A lens is used to focus the laser beam
incident on the detector  surface down to  a di:unetcr < 0.5 ]nm. \Vith this
small bcarll spot we can obtain an interferelice  .si,gnal  even when the detector
surface is not exact]>’ pcrpe~]dicular to the bealn (as call  occur. for c!xanlplc.
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if the detector surface is not fiat). However, when the beam scans across a
small piece of dust or other imperfection on the detector SUI face!, the receiver
can lose lock on the interference signal, introducing an unknown  offset in the
sequence of measurements. We have developed a procedure for identifying and
correcting these c]iscontinuities.

Our mapping procedure begins with a raster scan of tllc entire detector
using horizontal scan lines ant] making measul ements along, each line twice.
first going left-to-right and then going back ri:ht-to-left. A ~ 2 is calculated
fronl  the clifferences  of the measurements along the two scans of the same lillc.
tuld data  f rom lines  along which the X2 value exceeds a selected value arc
iclcntificcl  as containing discontinuities  and are discarcied.

We  thcm rescan the entire detector using the same tyIJe  of pattern but
Ivit]l Vcrt]cal  SCM lillcs,  After elinlinati~lg bad \ertical lines  a]]d averaging, We

have two detector maps (one horizontal. OI]C lertical) in ~rhich each line that
h a s  been retaillccl has no discontinuities.  but ~vhicll n)ay  ha~’e discontinuities
bctwcwn  the different lines. The scan lines in the \rertical ma~) arc then used Lo
normalize (in the least squares sense) the scan lines ill tile }lorixontal Inap  to
eliminate the discontinuitics,  Similarly the hori~onta] ]nap  is used to normalize
the vcrt ical map. The two resulting maps are t hen averaged to obtain a final
map which is  free  of discontinuities  and com~)letc  cxccq)t  for a few discrete
points corresponding to the intersections of bad rows in tllc horizontal map
\vitll bad columns in the vertical map. Poilit-by-point  co~nparisons o f  t h e
two. ]learl}~-il~d~l>el~deIlt.  normalized maps indi(ates that the rmis errors in the
lncasurements  are ~0.013  pm.

‘Tl~e averaging of measurements obtained by scanning cacll line (horizontal
a]ld vertical) tw’ice in opposite directions results in a first-order cancellation
of ally  drifts (e. g.. due to temperature ~’ariatio~l) in the i~ltc~ fexometer  which
may have occurred over the time required to produce the map.

Fi,gur’c! 2a contains an example of a Lhickncss  variation nlap obtained for a
S1S detector (designated ACEO04,  500 ,um noll]inal thickness). ‘l’he nleasure-
mcnts were made on a 1 mm x 1 mm grid (ap})roxinlatel~ 6.300  points, each
measured 4 times). Such a mapping run takes approximately 6 hours ant] is
l]ormall-y  carried out overnight in order to minimize vibra~ioll noise due to
other activities going  on near the interferometer laboratory.

4. Comparison with an Accelerator Map

‘b 4r ions  w’ith an energyDe tec to r  ACEO04  was scannecl  with a beam of .
~ 100 hJeV/nucleon  at the National SupercollductinF; Cyclotron Laboratory
at hlichigan  State University in November 1994. We measured the energ~’  loss,
_!. E. and the residual energy. E’ of each ~)articlc  that penetrated .4 CEO04.  The
Al? measurements were averagecl  0]1 a 3 mm x 3 mm gricl to obtain a map of
cnmgy loss as a function of position. This map was converted to Lhe thickness
Inap  shown ill Figure Q]] b~~ di~~i~illg bv the (IE ~dr  va]ue  corrmpondin:  t o

tllc mean of E’ measurelnents.  Comparison of the accelerator map with the
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interferometer map shows good agreenlent on l)oth the qualitative features of
the topography ant] on the quantitative details of the maps. TIJC morcjaggec]
shape ofthc contours in the accelerator map is attributed to limited statistics
and to the use ofa coarser grid.

lhc interferometer measures the ~Jll~rsical thickness oftlle {Ietector, while
(11c accelerator map based on measurements of AE is sensitive only to the
active thickness. These two thicknesses can difl’er  because of thin dead layers
due to the iou implantation and metalization  of the detector. 2’l)c dead layer
on each surface is expected to be N 1 ~m thick and reasonably uniform. JVC
arc workingon  using the E’ measurements fronl  thcaccelm-ator  run to obtain a
direct  lncasurcmcnto  ft hephysical  thickness of theAJ; detector. Inadclitiou.
wc arc planning to carry out detector scans using collimated alpha particle
sources to map the cleacl layers, Finally, we ale testing lnodifications  of the
interferolnct,  er for making a single-point absc)lute  thickness measurement using
white-light interference.

\Ve ale g,raLeful  to R I{adocillslii al)d B. Seal> for  help  wit]l  LILc  data  pl-OCeSS-
ing. ‘1’lle rescarcll  described i]] this paper \vas sllpportecl  by t}le National  Aeronautics
and Space  .~dl]li]]istratio]l  at t]]e Califorll  ia ]lMLit  Ute of Technolog\r  ( Il]lder  co~ltract
N/~ S&32626  a~ld gral]t N.AGJV-1919)  a~]d  I}]e.let P1opulsior] I.aborator\’.  Eql]i~)]llcv]t
f\llldill&  IVas  provided. ill parL. by  tl]e.JPl, Fclllipl]]tl]t  a]ld  l]lstr~llt]c~]L:Ltio]]  Colnll]it-
tee.
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